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Abstract. This paper presents the investigation of sand casting process in natural fibre reactions 
which is utilized kenaf fibre and empty fruit brunch fibre (EFB) in order to reinforce the silica sand 
casting mould. The investigation was carried out on selecting sand mould which mixture with 
natural fibre. As a result of surface roughness of kenaf fibre mixed with silica sand, empty fruit 
bunch fibre mixed with silica sand and silica sand for sand mould was evaluated. The comparison 
of these three types of sand mould for surface roughness are analysed by using portable surface 
roughness tester. Technique of mixing the natural fibre and silica sand was presented. The mould 
was prepared using similar volume of natural fibre between kenaf fibre and empty fruit bunch fibre. 
The ratio of natural fibre for two type of sand fibre mould using 100 g of natural fibre and 1 kg of 
silica sand. The third sand mould using only 3.3 kg of silica sand without mixed with natural fibre. 
Total weight of three type of sand mould is 3.3 kg. Besides, this investigation was employed with 3 
mm to 5 mm length range of natural fibre and mixture mutually with silica sand. The addition of 
natural fibre in the sand casting mould was significantly absorbing the heat of molten metal to the 
surrounding. As a result, the utilization of kenaf fibre and EFB fibre for sand mould were 
significant on improving the surface roughness of casted LM6 material. 
Introduction 
Sand casting process is one of the most ancient casting processes and it can be employed for both 
ferrous and non ferrous metals. It is includes such basic process as melting of material, pouring of 
metal into mould, solidification of material and take out of casting product from the mould depends 
on shape of the product required. The utilization towards selection of sand for sand casting process 
is great importance and has ability to withstand the pouring temperature without produce defect to 
the mould and casting product.  
Heat of molten metal is transferred started with pouring of molten metal into mould cavity [1]. 
The purpose of this work to study the utilizing of natural fibre by mixing with sand mould based on 
surface roughness of LM6 using a sand casting process. Surface roughness of casting product is 
very important for sand casting process due to related in quality of casting product. Mould cavity is 
created by withdrawing a pattern from sand that has been packed around it [2]. Previous studies are 
touch the utilization of natural fibre for engineering application likes kenaf, empty fruit brunch 
fibre, bamboo, jute, hemp, coir, and sugar palm [3,4,5,6,7].  
Utilization of natural fibre for many applications especially in engineering application reported 
the natural fibre has a many advantages likes recycle ability, low density, low cost, high toughness, 
and acceptable specific strength [5,7]. The most important to identify the strength of binder between 
silica sand and natural fibre is need to know the grain size of silica sand, clay content and also mix 
proposition between silica sand and natural fibre. It is more important to understand the mixture of 
fibre and condition of silica sand to improve the surface finish. Quality of surface finish for casting 
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material as surface roughness needs to know the surface contact between mixture of sand mould 
and molten metal. 
Surface roughness of sand casting process is related to the grain size of the moulding material, 
which explains the preference for fine grained sands [8]. This recent paper motivates the authors to 
investigate the utilization of natural fibre in preparing the sand casting mould and the effect of 
surface roughness of casting product. Therefore, this paper tries to fill the gap in development of 
natural fibre sand casting mould in the perspective of low cost and material waste reduction when 
improving the surface roughness. 
The main reason that use of natural fibre mixed together with silica sand for sand mould is to 
identify the surface roughness of casting product between silica sand with kenaf fibre, silica sand 
with empty fruit brunch fibre and lastly silica sand without natural fibre. In this study, silica sand is 
chemically SiO2 (silicon dioxide) in granular form using in sand casting process. Degree of 
fineness of sand is able to influence the roughness of casting material. Composition of silica sand 
for making a mould for sand casting process most importance to make sure the natural fibre need to 
mix must have enough strength to bind each other. The sand is classified into different sizes which 
affect the amount of binder required and the final surface finish of the casting.  Utilization of natural 
fibre is able to meet the gap space between silica sand. 
Combinations of utilizing the natural fibre as kenaf fibre and EFB fibre with the silica sand by 
using carbon dioxide as a medium to compress the sand and to improve strength of bond between 
each others. Chemical composition of casting material is also important for mixture of natural fibre 
with silica sand without influence the mould and casting product. Melting temperatures of LM6 to 
melt is 660°C and pouring temperature range is between 660°C -680°C [8]. 
There most important number to identify the surface roughness for any types of material namely 
roughness average (Ra). Roughness average value provides any information as to the shape of the 
deviation on the surface. It is possible to obtain similar roughness average at surface for any testing 
values for surfaces having very different structures. Roughness average is easier to determine 
graphically from a recording of the profile and was, therefore, adopted initially before automatic 
surface texture measuring instruments became generally available. 
 
Table 1 Composition of LM6 [9] 
Element Iron Silicon Copper 
 
















Materials and Method  
In this research, LM6 is used as a casting material and mixture of natural fibre with silica sand 
for sand mould. Utilization of natural fibre can reduce use volume of silica sand for sand casting 
process. The aim of utilizing the natural fibre in sand casting mould is to meet the space between 
grain sizes of silica sand and strengthen ties of natural fibre and silica sand. The natural fibre 
involved in this research is kenaf fibre and empty fruit brunch fibre. There are three types of 
comparisons of sand mould to compared surface roughness between mixture of kenaf fibre with 
silica sand, empty fruit brunch fibre with silica sand and for third sand mould only using 100 ℅ of 
silica sand for sand mould. Empty fruit brunch fibre (EFB) is collected from farm worker in Bukit 
Gambir, Muar Johor south of Malaysia and kenaf fibre is obtained from farm worker in Melaka, 
Malaysia. The kenaf fibre and EFB fibre was crushes by a crushing machine into 3 mm to 5 mm of 
fibre length. Silica sand obtained from University Putra Malaysia, Malaysia. The mix proportion of 
fibre and silica sand involves in experimental process are given in Table 2. 
Experimental planning started with preparation of three type of sand mould by using kenaf fibre 
sand mould and empty fruit bunch fibre sand mould based on three type of sand mould is come out 
with three type of casting product by using LM6 as a casting material. Comparisons of surface 
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roughness with three type of casting product is identifying by using Portable Surface Roughness 
Tester, Mitutoyo SJ-301 with horizontal position. All of testing for three type of casting product 
will be performed for five times with five different area of surface to identify the accurate number 
of roughness (Ra). 
The mould was manufactured using a flat wooden with three types of mould with a same size. 
The rotational mechanical machine mixer was used to mix the silica sand with ester as to increase 
density of sand mould. The control mix used with proportion 1:1 (1 kg silica sand: 100 g natural 
fibre). Preparation of sand mould with outer dimension is 200 mm x 95 mm x 200 mm and inner 
dimension is  178 mm x 80 mm x 30 mm. Combination of three type of fibre mix with silica sand 
for sand mould are involve in this experiment that are use to make a casting product. After sand 
casting process is done then come out with three kind of difference casting surface roughness of 
final product as  LM6 from kenaf fibre sand mould, LM6 from empty fruit bunch fibre sand mould 
and lastly LM6 from silica sand mould. Table 2 and Table 3 below show the preparation of sand 
mould with mixture of silica sand with natural fibre. Utilization of kenaf fibre and empty fruit 
bunch fibre mix with silica sand for sand mould need to prepare with length of fibre is 3 mm to 5 
mm. Kenaf fibre and empty fruit bunch fibre must be under dry condition. 
 
Table 2 Mix proportions of fibre and silica sand (SiO2) 




Silica sand (SiO2) and EFB fibre 300 3 
Silica sand (SiO2) and kenaf 
fibre 
300 3 
Silica sand (SiO2) - 3.3 
 
 
Table 3 Surface roughness of LM6 with difference type of sand mould 












Empty fruit bunch 
















Result and Discussion  
This experimental result involve two type of sand fibre mould and one type of silica sand mould 
based on surface roughness of LM6 casting material. Roughness is typically considered to be the 
high frequency, short wavelength component of a measured surface. Comparison of surface 
roughness between kenaf fibre sand mould, EFB fibre sand mould and silica sand without fibre sand 
mould were determined. The whole of testing used of five point’s different surface area of casted 
LM6 casting material with horizontally. 
 
                                           
Fig. 1 LM6 kenaf sand mould      Fig. 2 LM6 efb sand mould             Fig. 3 LM6 silica sand mould   
 
Table 4 Comparisons of surface roughness between three types of LM6 casting material 
 
No Testing 
LM6 from kenaf sand 
mould 
LM6 from efb sand 
mould 
LM6 from silica sand 
mould 






1 32.56  50.09  36.62 
2 31.30  50.16  43.19  
3 50.66  40.40  24.54  
4 36.06  10.57  34.04 
5 31.34  10.19  55.21  
Average (µm) 36.38 32.28   38.72 
 
 
It is observed that the highest number of roughness for LM6 from kenaf fibre sand mould was at 
testing number 3 with roughness number is 50.66 µm as shown in Table 4. The area of casting 
surface at this area was rough compared with others area of testing. The best result of roughness at 
testing number 2 with roughness number was 31.30 µm. The total average number of roughness for 
LM6 from kenaf fibre sand mould was 36.38 µm. It is found that the heat of molten metal in the 
sand casting mould significantly influence the surface roughness. By adding the natural fibre in the 
silica sand casting mould improved the surface roughness of casted LM6. 
Table 4 shows the highest number of roughness for casted LM6 using EFB fibre sand mould is 
achieved by number testing 1 and testing number 2 with roughness number were 50.09 µm and 
50.16 µm, respectively. It is found that, the number of EFB fibre was concentrated in the area of 
testing number 1 and testing number 2. The area of casting surface at this area was rough compared 
with others area of testing. The best result of roughness with the smooth surface at testing number 4 
and testing number 5 with roughness number was 10.57 µm and 10.19 µm. The total average 
number of roughness for casted LM6 from EFB fibre sand mould was 32.28 µm. 
Based on the Table 4, it is found that the best result of roughness for LM6 casting material using 
silica sand mould with roughness number was 24.54 µm achieved at testing number 3. The highest 
number of roughness for LM6 from silica sand mould was achieved at testing number 5 with 55.21 
µm. The result shows the area of casting surface at this area was very rough compared with the 
others area of testing. The total average number of roughness for casted LM6 from silica sand 
mould was 38.72 µm. 
The result shows that the utilization of EFB fibre and silica sand in the sand casting mould has 
the great of surface roughness value. However, the poor surface roughness of casted LM 6 was 
Advanced Materials Research Vol. 903 81
found due to the heat concentrated in the niche area. It is observed that the lack of poor surface 
roughness was noted in small area compared to overall casting product. 
Conclusion 
The result of surface roughness with different types of sand mould of this research interpreted 
the finding of this experimental research. This research had successfully analyzed the data collected 
from this experimental research. The different size of natural fibre were directly affected the surface 
roughness of casting product. It is found that the natural fibre in the sand casting mould 
significantly absorb the internal heat transfer molten metal flow during pouring process. The best 
quality of surface roughness depends on value of deviations for casting surface from its ideal form. 
It is discovered that the mixture of natural fibre with silica sand significantly able to improve 
surface roughness of LM6 based on sand casting process depend on percentage of mix proportions 
between fibre and silica sand (SiO2). 
 The best results of surface roughness for LM6 casting material was achieved by mixture of EFB 
fibre and silica sand in the sand casting mould. By comparing the surface roughness average 
number for EFB fibre sand mould was better compared with kenaf fibre sand mould and silica sand 
mould. It is potential to use natural fibre with silica sand in the sand casting mould for casted LM6 
material. 
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